Determination of contents of structural water in RuO

Catalytic experiments
The oxidation reactions were carried out in a double-port flask (with a condenser) containing 1-2 mmol alcohol, 0.02-0.05 g RuO 2 /CNT, and 3-5 mL toluene as solvent. The mixture was stirred by a stir bar to form suspension. The speed of agitator was selected at 800 rpm to ensure the reaction kinetically controlled, as shown in Figure S2 . Air was bubbled into the suspension at a flow rate of 6 mL/min, controlled by a mass flow controller. The reactions were conducted at 80 o C under ambient pressure for 0.5-1.5 hours. After separating the solids by centrifugation, the liquid oxidation products were analyzed by an Agilent 6820 Gas
Chromatographer.
The activity of catalyst was characterized by the conversion of alcohol or TOF. TOF values were calculated by:
where m alcohol and m RuO2 are the amounts of alcohol and RuO 2 in mole, X is the conversion of alcohol, D is the dispersion of Ru atom, and t is the reaction time in hour. 
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Measurement of particle size by CO chemisorption method
In this work, the averaged particle sizes of RuO 2 were estimated by CO chemisorption by the TPR profiles before and after the reduction-oxidation cycle, as shown in Figure S4 . 
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Measurement method of specific capacitances of RuO 2
The specific capacitances of RuO 2 were calculated by the cyclic voltammetric method.
Typically, 2 mg catalyst was dispersed in 1 ml Nafion (0.5 wt.%) aqueous solution, and then ultrasonicated to form a homogeneous suspension. 10 μl suspension was cast on the polished surface of a glassy carbon electrode (GCE), and was then dried at atmosphere. Cyclic voltammetry measurements were carried out at room temperature in a three-electrode cell connected to an electrochemical analyzer (Eco Chemie B. V., Autolab PGSTAT30). An Ag/AgCl electrode and a Pt electrode were used as reference and counter electrodes, respectively. CNT or RuO 2 ·xH 2 O/CNT pasted on the GCE surface was used as a working electrode. CV curves were recorded between 0 and 1 V (vs. Ag/AgCl) in 1 M HClO 4 electrolyte with a scan rate of 0.1V/s.
The specific capacitance of catalyst C S was determined from the coulomb Q represented by the enclosed area of CV curve between 0.2-0.8 V (shadowed in Figure S3 ) with the
where m is the mass of catalyst sample deposited on GCE. The specific capacitance of RuO 2 can be calculated by
where C S,T , C S,CNT , and C S,RuO 2 are the specific capacitances of RuO 2 ·xH 2 O/CNT, CNT support and RuO 2 ·xH 2 O on CNTs, respectively; w RuO 2 the weigh fraction of RuO 2 in catalyst.
It may be argued that the proton conductivity of Nafion used in preparation of electrodes will influence the measurement of capacitance. We compared the specific capacitance of RuO 2 measured using Nafion (0.5 wt%) and Teflon (1.5 wt%) as binder, as shown in Figure S5 (a) and (b). Although Nafion led to higher background capacitance, the specific capacitance of RuO 2 was very close after deducting the background contributed from CNT support and Nafion. Typically, for the RuO 2 ·xH 2 O/CNT catalyst with 9.3wt% loading annealed in N 2 at 110 o C, the specific capacitances measured with Nafion and Teflon are 1548 and 1483 F/g RuO2 .
In our experiments, Nafion was selected as binder for measuring the specific capacitances, because the CNT-supported catalysts suspended more uniformly in Nafion than in Teflon. 
